Objective: The incidence of morbidity and mortality for iliac vascular injuries in the literature are likely overestimated owing to associated injuries. Data for isolated iliac vascular injuries are very limited. No large studies have reported the incidence of morbidity for repair versus ligation of isolated iliac vein injuries.
Iliac vascular injuries are relatively uncommon with an incidence of less than 2% of all vascular trauma reported in the literature but they are associated with significant morbidity and mortality. 1 The mortality rate in patients with iliac vascular injuries reported in the literature ranges from 25% to 80%. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Penetrating trauma is far more often the cause of iliac vascular injury than blunt trauma. 3, 6, 7, 11, 17 A penetrating wound in the lower abdomen or pelvis associated with hypotension and abdominal distension is highly suggestive of an iliac vascular injury. Common and external iliac artery injuries usually present with a unilaterally absent or diminished femoral pulse.
1,2,18
One of the major limitations of the available literature is that most reports combine blunt and penetrating injuries, and include patients with or without associated injuries. This conglomeration happens because these injuries are relatively uncommon and are frequently associated with other injuries. 1, 7, 11, 15, 17, [19] [20] [21] The true outcomes and prognostic factors for mortality, deep venous thrombosis (DVT), pulmonary embolism (PE), and the need for fasciotomy or amputation in isolated iliac vascular injuries are not well-known, and the morbidity and mortality rates for iliac vascular injuries in the literature are likely overestimated owing to associated injuries. To our knowledge, there have been no major studies evaluating the morbidity and mortality associated with isolated iliac vascular injuries. Another controversy in the literature is the morbidity of iliac vein ligation as compared with repair. 22 A common finding in the literature is that vascular surgeons recommend complex repairs, whereas trauma surgeons believe ligation is a safe alternative for complicated iliac vein injuries. 7, 11, 23 
METHODS
This analysis uses the National Trauma Data Bank (NTDB), which contains 4,093,451 medical records between 2007 and 2012. All data provided by the NTDB are deidentified and subjected to quality screening for consistency and validity. The use of NTDB data is in strict compliance with the Health Insurance Portability and Accountability Act of 1996. No informed consent was necessary because the study involved a retrospective analysis of deidentified data in the NTDB. The study was approved by the University of Southern California's Institutional Review Board.
The study population consisted of all patients with at least one documented diagnosis of an iliac vascular injury. To identify these patients, we used the Abbreviated Injury Scale (AIS) codes of 1998 version from NTDB, which were 520802w521099. "Isolated iliac vascular injuries" were defined as cases with neither an AIS severity score of greater than 3 for extraabdominal injuries nor an Organ Injury Scale grade of greater than 3 for intraabdominal injuries; the AIS severity score was used in the case of the intraabdominal organs that do not have Organ Injury Scale grade. Penetrating trauma was gunshot wounds and stab wounds, and blunt trauma was traffic-related motor vehicle trauma and falls. Motor vehicle trauma included motor vehicle accidents and automobile versus pedestrian injuries.
Data abstracted for the these patients included demographic characteristics, mechanism of injury, systolic blood pressure (SBP) and Glasgow Coma Scale (GCS) on admission, Injury Severity Score (ISS), and AIS. Outcomes included DVT, PE, inferior vena cava filter insertion (38.70 of the International Classification of Diseases, Ninth Revision codes without inferior vena cava or superior vena cava injuries in patients with DVT or PE), fasciotomy, amputation (level of below the knee or higher; ICD-9 codes 84.15w84.18), acute lung injury, acute kidney injury (AKI), and 30-day mortality.
The outcome measures were incidence of iliac artery and vein injuries, incidence of combined iliac artery and vein injuries, incidence of isolated iliac vascular injury, mortality in patients with isolated iliac vascular injury, and incidence of DVT, PE, red blood cell transfusion, fasciotomy, amputation, and AKI in patients with isolated iliac vascular injury.
For subgroup analysis, patients with isolated iliac vein injuries were classified into a repair group and ligation group for comparison. Among 38.00w39.99 vascular procedure codes from the ICD-9, the following codes were selected as iliac vascular procedures according to ICD-9 .87 for iliac venous ligation. Some of these codes were described as just "vessels," not "the name of vessel." Because of this limitation, patients with other vascular injuries were excluded for comparison according to procedures. Other vascular injuries were vascular injuries of the head, face, neck, thorax, abdomen exclusive of iliac vessels, upper extremity, and lower extremity. Patients who underwent both repair and ligation were included in the ligation group.
Our hypotheses were that (1) the rate of morbidity and mortality of isolated iliac vascular injuries is lower than previously reported, (2) combined isolated iliac artery and vein injuries will be associated with significantly higher rates of compartment syndrome, fasciotomy, and amputation than for isolated iliac vein injuries, (3) ligation of iliac veins will lead to a higher rate of compartment syndrome and need for fasciotomy and amputation, and (4) repair of iliac veins will be associated with a higher rate of DVT and PE. By analyzing patients with isolated iliac vascular injuries, it will be possible to determine the effect of these injuries and their type of repair without having to deal with confounding associated injuries, such as fractures and bowel injuries, which can themselves lead to these same morbidities.
Descriptive statistics were calculated for all variables. Kolmogorov-Smirnov test was performed to confirm normal distribution in the continuous data. The independent t test was used for continuous data, which were reported as mean 6 standard deviation. Fishers exact and c 2 tests were used for categorical data, which were reported as percentages. Statistical significance was defined as P < .05. All analyses were performed using 
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RESULTS
The patient population in this cohort was overwhelmingly young (average age 39.0 years) and male (77.7%). Twenty-seven percent presented with a SBP of less than 90 mm Hg (Table I ). The average GCS at admission was 11.9. The average ISS was 19.1, and 26.8% required transfusion of red blood cells (Table I) .
Overall, 6262 iliac vascular injuries (2809 penetrating, 3453 blunt) were identified out of 271,076 patients with abdominal trauma, for an incidence of 2.3% (Fig 1) or an absolute incidence of 0.2% of all trauma patients. Of these, 3379 patients (1841 penetrating, 1538 blunt) had isolated iliac vascular injuries (incidence of 1.2%). There were 557 patients (514 penetrating, 43 blunt) with combined iliac artery and vein injuries (incidence of 0.2%).
In penetrating mechanism the incidence of isolated iliac artery (n ¼ 632), iliac vein (n ¼ 695), and combined iliac artery and vein injuries were similar (n ¼ 514). However, with blunt mechanisms, the incidence or isolated artery injuries was much higher (n ¼ 1304), than isolated vein (n ¼ 191), and combined artery and vein injuries (n ¼ 43; Fig 1) . Isolated iliac injuries were much more common in gun shot wounds (3.8%) than either stab wounds (1.0%) or blunt trauma (0.7%; Table II ).
Associated injuries were extremely prevalent in patients with an iliac vascular injury in this cohort. In blunt trauma, the rate of severe head, chest, and extremity injuries were 30.6%, 50.8%, and 79.3%, respectively, and the rate of pelvic fractures was 82.7%. These were all significantly higher than in patients with penetrating trauma. Conversely, patients with penetrating trauma had significantly higher rates of colon (60.4%) and stomach or small bowel injuries (60.4%; Table III) .
Nonisolated iliac injuries had a mortality rate of 39%, which is similar to the mortality rates found in previous studies.
2,3,5-13 For isolated injuries, however, the mortality rate was much lower, at 23%, demonstrating that severe associated injuries are common and contribute substantially to mortality. The rates of DVT, PE, and fasciotomy were similar between nonisolated and isolated iliac injury cohorts (Table IV) .
Morbidity of isolated injuries by vessel type. For isolated iliac vein injuries, the incidence of morbidities were: DVT, 12.6%; PE, 1.4%; fasciotomy, 11.5%; amputation, 1.9%; and AKI, 3.6%. For combined isolated iliac artery and vein injuries the incidence of morbidities were: DVT, 7.9%; PE, 0.9%; fasciotomy, 18.9%; amputation, 3.6%; and AKI, 5.7% (Table I) .
The 30-day mortality was 16.5% for isolated iliac vein injury, 19.3% for isolated iliac artery injury, and 48.7% for combined isolated iliac artery and vein injury (Table I) . Repair versus ligation. To test our hypotheses that ligation of iliac veins will lead to a higher rate of compartment syndrome and subsequent need for fasciotomy and amputation, we evaluated the 886 patients with isolated iliac vein injuries (695 penetrating, 191 blunt). Of these, 491 patients had either vascular repair or ligation ICD-9 procedure codes recorded. The remainder did not have sufficient information in the dataset to determine if they had a repair or ligation, and 90 died, presumably before repair or ligation. Of these 491 patients, 73 were excluded from this subgroup analysis because their procedure codes were not specific to the iliac vessels, leaving 418 patients in the ligation versus repair analysis. Twenty-six patients who had both ligation and repair codes were included in the ligation cohort. The relative incidence of morbidities in patients who had repair versus ligation of isolated iliac vein injuries were: DVT (repair, 14.6%; ligation, 14.1%; P ¼ .875), PE (repair, 1.8%; ligation, 0.5%; P ¼ .38), fasciotomy (repair, 9.3%; ligation, 14.6%; P ¼ .094), amputation (repair, 1.8%; ligation, 2.6%; P ¼ .738), AKI (repair, 5.8%; ligation, 4.7%; P ¼ .627; Table V ). The 30-day mortality in the repair group was 8.8%, which was significantly lower than the 18.8% mortality rate in the ligation group (P ¼ .003), despite having similar presenting demographics.
Despite drawing from a large population, the rate of amputation was very low, as was the rate of PE. Therefore, we performed a post hoc power analysis, which demonstrated that the power to detect a significant difference between the repair and ligation group was 0.248 for PE, 0.053 for DVT, 0.086 for amputation, and 0.382 for fasciotomy. Thus, although this analysis did not support our hypotheses that repair would result in a higher rate of DVT and PE, and ligation would result in a higher rate of fasciotomy and amputation, there is a high chance for type II error.
To account for confounding by differences in presentation, we performed a multivariate logistic regression evaluating 30-day mortality as the dependent variable with ligation versus repair, blunt versus penetrating mechanism, age, gender, heart rate, SBP, ISS, and GCS at presentation as independent variables. This demonstrated that ligation had an odds ratio (OR) of 2.2 for mortality compared with repair (95% confidence interval, 1.08-4.66; Table VI).
DISCUSSION
Iliac vascular injuries are frequently lethal, not only as a result of hemorrhage, but also because of the associated morbidity of operative treatment. Because they are relatively rare, most of the currently available literature on traumatic iliac vascular injuries are reports that combine blunt and penetrating injuries, and include patients with or without associated injuries. Thus, a major limitation of the literature is the inability to isolate the effect of the vascular injury from associated injuries, such as severe pelvic and/or intraabdominal injuries. The purpose of this analysis was to evaluate the morbidity and mortality of isolated iliac vascular injuries, which we have defined in our methods as the absence of clinically significant noniliac vascular injuries, as well as to evaluate the impact of repair versus ligation of iliac veins. The largest series of iliac vascular injuries is from Lauerman et al, 3 who used the NTDB to study iliac vessel trauma (IVT) from 2002 to 2006. They reported on 1036 iliac vessels injuries (420 blunt and 616 penetrating) and found that, in blunt IVT, there was no difference in mortality between those with and without pelvic fractures. In penetrating IVT, combined arterial and venous IVT was associated with higher mortality (OR, 1.70) compared with arterial IVT. Venous IVT was associated with lower mortality (OR, 0.55) compared with arterial IVT. 3 Harris et al, 2 from the Baltimore Shock Trauma Center, compared 24 patients with blunt injury of the common iliac artery and external iliac artery (CE group) with 88 patients with internal iliac artery injury from their registry. Eighty-eight percent of the CE patients presented with leg malperfusion. They found that CE was associated with crush injury (37% vs 17%; P ¼ .03), pelvic soft tissue trauma (50% vs 15%; P < .01), and higher early mortality (42% vs 3%; P < .01). CE was associated with a higher rate leg amputation (50% vs 6%; P < .01). Mortality was associated with amputation, pelvic fracture, and wounds. Overall mortality was 40%, which was similar between both groups.
2 Cestero et al 5 also used the NTDB to study blunt iliac artery injuries and pelvic fractures, and found that of 6377 pelvic fractures, 221 had associated blunt iliac artery injuries. In their study, blunt iliac artery injury was associated with more severe pelvic fractures (AIS of 4), higher rates of mortality, amputation, and compartment syndrome. 5 Ball and Feliciano 4 compared temporary shunting of the common iliac artery and external iliac artery as damage control, comparing the ligation group (n ¼ 15) versus the shunt group (n ¼ 7) with results of 47% versus 0% (P < .05) in amputation, 98% versus 43% (P < .05) in fasciotomy, and 73% versus 43% (P > .05) in mortality. 4 They found that shunts should replace the need for ligation as the primary damage control procedure of injuries to common and external iliac arteries. 4 The results of our study demonstrate that isolated iliac vascular injuries continue to have a high incidence of mortality, especially for combined venous and arterial injury. Our first hypothesis was that the mortality rate of isolated iliac vascular injuries is lower than previous reports, which do not separate out isolated iliac vascular injuries. Our results support this hypothesis; the mortality rate for all iliac vascular injuries in this study was similar to the previous literature at 39%. However, the mortality rate of isolated iliac vascular injuries was almost onehalf of that, at 23%. This finding demonstrates that associated injuries contribute substantially to mortality in these patients.
Unlike the study by Lauerman et al 3 of NTDB study from 2002 to 2006, our study found that the mortality from arterial iliac injury was comparable with venous arterial injury (19.3% and 16.5%, respectively). But, similar to Lauerman et al, 3 we found that combined arterial and venous iliac injuries were associated with a much higher mortality rate of 48.7%. Venous injuries were associated with a higher rate of fasciotomy than arterial injuries, and this rate increased dramatically with combined venous and arterial injuries. Our second hypothesis was correct, that combined isolated iliac artery and vein injuries were associated with higher rates of fasciotomy and amputation than isolated iliac vein injuries. PE, the dreaded complicated after a venous repair, is rare at 1.8%, which is similar to that in the general trauma/critical care patient population. 24, 25 Our third hypothesis was that ligation of iliac veins will lead to a higher rate of compartment syndrome and need for fasciotomy and amputation, and our fourth hypothesis was that repair of iliac veins would be associated with a higher rate of DVT and PE. We made these hypotheses because repaired iliac veins may be narrowed, causing increased turbulence and stasis, prompting thrombosis, whereas ligated iliac veins are unlikely to cause embolism from the blind-ended vein segment. These hypotheses were not corroborated by our results, which demonstrated no difference in the rate of DVT, PE, fasciotomy, or amputation between the repair and ligation groups. However, it is important to note that, owing to the rate of fasciotomy and PE in this subgroup of our cohort, this analysis was underpowered to detect a significant difference. Thus, there exists a considerable possibility for type II error. For example, although the rate of PE was more than three-fold higher in the repair cohort than in the ligation cohort (1.8% vs 0.5%), which could be argued is a clinically significant difference, the numbers were too low to demonstrate statistical significance. This is a limitation of our analysis. However, we did find that ligation of isolated iliac vein injuries was associated with a 2.2 OR for 30-day mortality compared with repair after adjusting for differences in presentation characteristics such as age, gender, ISS, initial heart rate, and initial SBP of less than 90 mm Hg. Because this is a retrospective review of a large database, it suffers from several limitations, including missing data, presentation bias, and treatment bias. For example, there were many patients with isolated iliac vein injuries that had no ICD-9 vascular procedure code, limiting the number of patients that could be compared for the impact of repair versus ligation of the iliac vein injury. This is an inherent limitation of the dataset. Presentation bias is the possibility that patients in the two groups were inherently different in some way that may or may not be measurable. Although the data demonstrated that the patients in the repair and ligation groups were similar in their distribution of age, gender, ISS, heart rate, SBP, and GCS, there may be other factors that we are not accounting for that make them different, for example, the size or severity of the injury. It would not be hard to imagine that veins that were more difficult to repair were more likely to be ligated. Thus, although our analysis demonstrated that ligation was associated with a higher mortality, this finding may have been inherent in the injury itself and not just the type of repair. This is an inherit limitation of this study type. In this study, treatment bias could exist as the possibility that some surgeons favored a certain treatment over another. If the surgeons who favored repair were in some way more capable than the surgeons who favored ligation, this could also confound the results.
There are several advantages to this study type as well, the most obvious of which is sample size. This analysis represents the largest study to date evaluating the morbidity and mortality associated with isolated iliac vascular injuries. It also represents the largest study evaluating the morbidity of iliac vein ligation versus repair. Additionally, many of the previous studies on iliac injuries were reported by the individual experience at some of the country's busiest trauma centers and/or by surgeons who are considered experts in their field. Because the NTDB dataset is contributed to by centers of all sizes across the country, this analysis represents a real-world, pragmatic assessment of the incidence and outcomes of these injuries.
CONCLUSIONS
This study demonstrates that, although iliac vascular injuries are rare, they continue to be associated with a high rate of mortality and morbidities. Only one-half of iliac vascular injuries are isolated as there is a high rate of associated injuries, and the mortality rate for isolated vascular injuries was 23% compared with 39% for nonisolated injuries. Combined iliac artery and vein injuries are particularly lethal with a mortality rate of 49%. Ligation of iliac veins was associated with a higher mortality than repair, but not a statistically significant difference in DVT, PE, fasciotomy, or amputation. The authors feel that these data lend credence to the assessment that iliac venous injuries should be repaired rather than ligated whenever possible, and that, when this is not practical at the index operation, then after an initial damage control operation where a intravascular shunt can be used as an interim measure to decrease vascular congestion distal to the injury. These data provide surgeons confronting these injuries with information to help them to assess the risks and benefits of repair versus ligation strategies, granted with all the limitations mentioned. Despite advances in care over the past decade these injuries continue to be particularly challenging. 
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